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Abstract

Potato tuber moth, Phthorimaea operculella is considered as one of the most serious insect pests infesting plants in the
family Solanaceae. The indiscriminate utilization of chemical pesticides has caused problems such as environmental
pollution, development of resistance in insect pests and undesirable effects on human and non-target organisms. Plant-
based materials are one of the appropriate candidates as an alternative to synthetic chemical compounds that have the
lowest risk to the environment. In this research, the insecticidal toxicity of chlorantraniliprole on different biological
stages of P. operculella was compared with powder, essential oil and extract of Syzygium aromaticum. Oviposition-
preference activity of adults and larval penetration rate were also studied. Based on probit analysis, the most sensitive
stages to chlorantraniliprole, essential oil and extract of S. aromaticum were larvae (LCso= 3.39 mg/l), adults (LCso=
0.43 pl/l air) and adults (LCso= 241.54 mg/l), respectively. Although, chlorantraniliprole was effective in reducing the
larval penetration rate, it did not have a significant effect on oviposition preference of adults. The results of this study
showed that powder, essential oil and extract of S. aromaticum have a good potential to protect stored potatoes from P.
operculella infestation and can be used for management programs of this pest.
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Model of gas chromatograph apparatus

Agilent 7890A

Type of capillary column
Dimension of column

Temperature program of column

Injector port

Injector temperature
Carrier gas

El. Mass spectrometer
lonization energy

HP-5 MS

30 m length, 0.25 mm diameter, 0.25 pm film thikness
Initial temperature: 80° C, Final temperature: 180° C
Rate: 8 C'/min

Split mode, split ratio 1: 500

250°C

Helium (flow rate: 1 ml/min)

Agilent 5975C
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Table 2. Results of bioassay of Syzygium aromaticum essential oil and extract on different biological stages of
Phthorimaea operculella in laboratory conditions.

growth days after LCso” LCos*
compound stage treatment y’(df)  SloptSE  (Lower-Upper (Lower-Upper
9 95% CI) 95% CI)
27.95 78.01
e 8 300 1.27(3) 3.6x0.56
sssential oil of 99 ©) (25.41-30.89) (60.44-123.27)
- neonat 3.27 19.56
g?r’ﬁ;;fum larvae ! 300 0103) 212033 ;5 73.35) (12.89-41.48)
0.43 5.63
adults 1 300 091(3) 163023 (1% cn (3.06-17.55)
742.45
1698.45
eqq 8 300  128(3) 4.58+0.75 (688.79- ]
808.50) (1359.55-2600.17)
Extract of 253.29
: neonat 1653.59
Syzygium heone 1 300  151(3) 2.0+032 (208.96- (1056,60-3814.32)
aromaticum 300.36)
241.54
1006.55
adults 1 300  151(3) 2.6+042 (207.24- i
274.79) (721.23-1868.88)

*LCso and LCgs for essential oil: (ul/1 air) and for extract: (mg/l).
Syzygium aromaticum saie Ssue (uilul olews SLS 5 .Y Jous

Table 3. Chemical composition of Syzygium aromaticum essential oil.

No. Compound Retention time (minute)  Composition (%)

1 Benzene, 1-methyl-3 7.005 0.03

2 Limonene 7.091 0.05

3 Cineole 7.154 0.15

4 alpha.-Cubebene 14.409 0.54

5 Phenol, 2-methoxy-4-(2-propenyl) 14.735 50.65

6 alpha.-Copaene 15.033 1.78

7 Eugenol 15.239 0.07

8 Isoeugenol 15.445 0.06

9 trans-Caryophyllene 16.080 35.30

10 alpha.-Humulene 16.709 4.30

11 1H-Cycloprop[e]azulene 16.841 0.08

12 Naphthalene 17.121 0.19

13 beta.-Cubebene 17.247 0.08

14 Ledene 17.362 0.07

15 Germacrene D 17.488 0.08

16 alpha.-selinene 17.533 0.11

17 alpha.-cadinene 17.596 0.06

18 alpha.-Farnesene 17.682 0.16

19 Cadina-1,4-diene 18.254 0.37

20 Bis(2-ethylhexyl) phthalate 32.748 0.60

Total - - 94.73
@ elul cdale e ]38l L (287.88, df = 4, P<0.001 @l glackale 51 g kel 450 5l sanl Cuvs 4y @l
Syge 5 b 03938l Bl Sy alize Jolpe Sl Gl Sy S g At Jole 55 SSue il
Solel 4325 5l sael Caws @ @S s aip SSewe o)lac Gl sme M uilol calizes slacdale g aS ols lis
@t >l gy, SSue ojlas bz gloclale j & = 215.71, df = 4, P<0.001 : ol &lyam) oyls 0e>g
iz glacdale n aS ol lis ciejoum Ao i) F= :obgs oY F = 267.06, df = 4, P<0.001 :o50

ARPP
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Bis(2-ethylhexyl) phthalate 4 (/. \/YA) alpha.-Copaene
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Phenol, 2-methoxy-4- «(f-/A+) methoxy-3-(2-propenyl)
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gamma- ¢ (/. ¥/1 V) alpha-Humulene (/. ¥/¥Y) methoxyt
(F Jgo=) (/. Y/¥+) Sitosterol

F (JelS Olam) ols vgzg (gl e WS ol
F = 24596, df = 4, 5 687.36, df = 4, P<0.001
L .(F = 731.95, df = 4, P<0.001 :=bes 4,Y ¢P<0.001
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A 00938l il Iy
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Syzygium aromaticum saie e o)lae  slends LS 5 .F Jgas

Table 4. Chemical composition of Syzygium aromaticum plant extract.

N Compound Retention Composi
0. time (minute) tion (%)
1 Methyl Salicylate 11.073 0.27
2 chavicol 12.040 0.23
3 Phenol, 4-(2-propenyl) 13.545 1.23
4 Phenol, 2-methoxy-3-(2-propenyl) 14.564 40.80
5 trans-Caryophyllene 16.944 5.05
6 beta-Selinene 17.070 1.69
7 alpha-Humulene 17.390 411
8 delta-Cadinen 17.579 1.27
9 Aromadendrene 17.854 0.34
10 alpha-Farnesene 18.089 1.47
11 Phenol, 2-methoxy-4-(2-propenyl 18.443 18.65
12 Caryophyllene oxide 19.799 1.43
13 Naphthalene 20.440 0.42
14 4,11-Dioxa-3,5-dimethyl-3-methoxyt 21.722 4.47
15 Benzyl benzoate 22.998 0.22
16 Trimethyltricyclo 25.224 0.29
17 Palmitic acid 25.796 0.17
18 Hexadecanoic acid 26.591 1.56
19 Octadecadienoic acid 28.983 0.43
20 2-(5-Formyl-4-propyl-2-pyrrolyl) 34.820 0.40
21 Eicosane 38.384 0.17
22 DL-alpha-Tocopherol 45.794 0.24
23 Stigmasterol 50.824 0.21
24 gamma-Sitosterol 54.360 2.40
25 Methyl 3beta-hydroxyolean 70.628 0.17
T : 87.69
otal
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Table 5. Results of probit analysis of effect of chlorantraniliprole on different biological stages of Phthorimaea

operculella in laboratory conditions.

LC5o(mg/ l)

Days after ) LCos(mg/1)
Compound Growth stage treatment n x*(df) Slope + SE (Lower-Upper (Lower-Upper 95% Cl)
95% CI)
12.36 19.65
egg 8 300 0.68(3) 317121 (11.81-12.90) (17.58-24.00)
- 3.39 11.81
chlorantraniliprole neonate larvae 1 300 0.89(3) 3.04 + 0.46 (3.01-3.81) (8.75-20.28)
35.15 142.19
adult 1 300 0.59(3) 2.71+0.40 (30.66-40.701) (102.59-253.64)
A 09938 @l glacdale 31 g kel 450 5 ool s 4y @lis

S 5 e ] g S St
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F=391.41,df : 5 &) o)ls 0424 6)‘%;‘-’-" LS|
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Figure 1. Effect of different concentrations of Syzygium aromaticum essential oil, extract, powder and

chlorantraniliprole on larval penetration rate.
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Table 6. The mean number of laid eggs of Phthorimaea operculella on treated and non-treated tubers with plant extract,

essential oil and powder of Syzygium aromaticum and chlorantraniliprole after 24, 48 and 72 hours.

The mean number of eggs + SE

Concentration 24 h 48 h 72 h Total
1% 8.33+1.22 10.67 + 0.56 18.33 +0.33 37.33°+0.76
Plant extract 3% 0 6.67 £0.31 16.33 +0.37 23.00°+ 0.43
5% 0 0 15.00 +1.12 15.009+ 0.67
Control 0 23.00 + 0.42 29.00 + 0.16 32.00 + 0.25 84.00% + 0.33
05% 8.50+0.18 15.66 +0.16 25.33+0.84 49.49° + 0.16
Essential oil 0.25% 0 12.00 +0.12 23.67 +0.23 35.67¢+0.23
0.50 % 0 11.00 +0.51 16.33 +0.29 27.33¢+0.11
Control 0 20.67 + 0.01 24.33 +0.07 27.67 £0.11 72.76% + 0.08
5 g/kg 18.33 +0.37 19.33+0.19 21.00 + 0.25 58.66° + 0.11
Powder 10 g/kg 11.00 + 0.56 17.67 +0.57 19.67 +0.42 48.34°+0.01
25 g/kg 5.33+0.56 15.33+0.32 20.33 +0.58 40.999+ 0.01
Control 0 20.00 + 0.29 23.67 + 0.50 24.33+1.21 68.00% + 0.13
Chiorantraniliprol 1 mg/l 20.67 +0.14 25.00 + 0.37 37.67 +0.50 83.232+0.11
o 5 mg/l 27.67 +0.84 28.33+0.16 36.00 £ 0.72 81.89%+ 0.96
10 mg/I 24.00 + 0.44 29.67 +0.21 29.66 + 0.46 83.232+0.11
Control 0 26.67 + 0.53 27.33 +0.30 30.11 + 0.34 84.112+ 0.95
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